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3DWLHQW FRRUGLQDWLRQ LQ HPHUJHQF\ GHSDUWPHQWV
XVLQJ YLVXDOL]DWLRQ RI RSHUDWLRQ EHKDYLRU
.ULVWRIHU %HQJWVVRQ %HQJW /HQQDUWVRQ
$EVWUDFW²,W LV FKDOOHQJLQJ WR JHW DQ RYHUYLHZ DQG XQGHU
VWDQGLQJ RI WKH DFWLYLWLHV DQG WKHLU UHODWLRQV DW DQ HPHUJHQF\
GHSDUWPHQW (' 7KLV LV GXH WR WKH FRPSOLFDWHG UHODWLRQV DPRQJ
DFWLYLWLHV − FDOOHG RSHUDWLRQV LQ WKLV SDSHU − DQG WKH DOZD\V
FKDQJLQJ V\VWHP EHKDYLRU 7KLV SDSHU SUHVHQWV D PHWKRG WR
UHSUHVHQW DQG YLVXDOL]H RSHUDWLRQV GXULQJ WKH DFWXDO ZRUN DW WKH
(' WKDW HQDEOHV ÀH[LELOLW\ GXULQJ PRGHOLQJ DQG DFWXDO FDUH %\
VSHFLI\LQJ RSHUDWLRQ EHKDYLRU XVLQJ RQO\ H[HFXWLRQ UHVWULFWLRQV
LQ WUDQVLWLRQ FRQGLWLRQV IRU HDFK RSHUDWLRQ LQVWHDG RI ¿[HG
VHTXHQFHV WKH PHWKRG DQG UHODWHG YLVXDOL]DWLRQ WRRO FDQ GHVFULEH
WKH HYHU FKDQJLQJ DQG FRPSOH[ (' ÀRZV 8VLQJ WKH SURSRVHG
DSSURDFK WKH (' VWDII ZLOO WKHUHIRUH KDYH WKH SRVVLELOLW\ WR LQ
D EHWWHU ZD\ FRRUGLQDWH WKH RSHUDWLRQV GXH WR WKH LQFUHDVHG
RYHUYLHZ
, ,1752'8&7,21
7KH SUREOHP RI RYHUFURZGHG HPHUJHQF\ GHSDUWPHQWV ('V
>@ KDV OHG WR LQFUHDVLQJ LQWHUHVW IURP WKH KHDOWKFDUH VHFWRU
LQ VWXG\LQJ LQGXVWULDO SURGXFWLRQ PHWKRGV DQG LGHDV VXFK DV
OHDQ SURGXFWLRQ SKLORVRSKLHV >@ WKRXJK WKH LPSDFW KDV VR
IDU EHHQ OLPLWHG >@ 2QH RI WKH PDLQ UHDVRQV IRU WKLV LV
WKDW SURGXFWLRQ LGHDV DVVXPH D UHSHDWDEOH SURFHVV DQG VWDWLF
RSHUDWLRQ EHKDYLRU EXW ZKHUH WKH (' RSHUDWLRQ EHKDYLRU LV
KLJKO\ FKDQJHDEOH DQG YDULDWLQJ 7KHUHIRUH WKLV SDSHU SUHVHQWV
D PHWKRG WR JLYH SHUVRQDO DQG SDWLHQW DQ RYHUYLHZ DQG
XQGHUVWDQGLQJ RI WKH FRPSOH[ RSHUDWLRQ EHKDYLRU GXULQJ WKH
DFWXDO FDUH DV ZHOO DV ZKHQ SODQQLQJ DQG LPSURYLQJ WKH ZRUN
:KHQ WU\LQJ WR PRGHO KHDOWK FDUH EHKDYLRU XVLQJ D QXPEHU
RI ZRUNÀRZ WRROV 0DQV HW DO >@ VDZ WKDW WKHVH WRROV¶
LQDELOLW\ WR GHVFULEH ÀH[LELOLW\ PDGH LW GLI¿FXOW WR DSSO\ WKHP
LQ SUDFWLFH 0DOKRWUD HW DO >@ VWDWHG WKDW ³DQ DWWHPSW WR
UHSUHVHQW YLVXDOO\ WKH ZRUNÀRZ RI D FRPSOH[ ZRUN HQYLURQ
PHQW VXFK DV WKDW RI D FULWLFDO FDUH VHWWLQJ LV OLNH ZRUNLQJ RQ
D MLJVDZ SX]]OH ZLWK QR SLFWXUHV WR JXLGH \RX´ $ QXPEHU RI
SDSHUV KDYH WULHG WR XWLOL]H LQIRUPDWLRQ DQG FRQWURO WHFKQRORJ\
WR PRGHO DQG DXWRPDWH WKH FRQWURO RI RSHUDWLRQV LQ KHDOWKFDUH
V\VWHPV HJ >@ >@ >@ EXW PRVW VROXWLRQV KDG SUREOHPV
KDQGOLQJ WKH QHHG IRU ÀH[LELOLW\
,QVWHDG WKLV SDSHU IRFXVHV RQ KRZ WR YLVXDOL]H DQG JLYH
DQ RYHUYLHZ RI WKH FXUUHQW DQG IXWXUH VLWXDWLRQ DW DQ ('
HVSHFLDOO\ IRU WKH QXUVHV ZRUNLQJ ZLWK WKH DFWXDO FDUH 7KLV
RYHUYLHZ DQG XQGHUVWDQGLQJ LV FUXFLDO ZKHQ WU\LQJ WR FR
RUGLQDWH WKH ZRUN $ PHWKRG LV SUHVHQWHG LQ WKLV SDSHU
WKDW GHVFULEHV RSHUDWLRQV DQG DXWRPDWLFDOO\ YLVXDOL]HV WKHP
GXULQJ SODQQLQJ DFWXDO H[HFXWLRQ DQG ZKHQ VWXG\LQJ WKH HYHQW
. %HQJWVVRQ LV ZLWK 6HNYHQVD $% *|WHERUJ 6ZHGHQ HPDLO
NULVWRIHUEHQJWVVRQ#VHNYHQVDVH
% /HQQDUWVRQ LV ZLWK WKH $XWRPDWLRQ 5HVHDUFK *URXS 'HSDUWPHQW RI 6LJ
QDOV DQG 6\VWHPV &KDOPHUV 8QLYHUVLW\ RI 7HFKQRORJ\ 6(  *|WHERUJ
KLVWRU\ 7KH PHWKRG LV DQ DGDSWDWLRQ RI WKH PRGHOLQJ PHWKRG
SUHVHQWHG E\ %HQJWVVRQ HW DO >@ >@ 7KDW PRGHOLQJ PHWKRG
LQLWLDOO\ WDUJHWHG WKH GHVLJQ SURFHVV WR GHYHORS DXWRPDWLRQ
V\VWHP DQG FRQWURO FRGH EXW LV DOVR XVHIXO IRU NHHSLQJ WUDFN
RI DOO WKH SDWLHQWV DW DQ HPHUJHQF\ GHSDUWPHQW DV ZLOO EH
SUHVHQWHG KHUH
2SHUDWLRQV DUH UHIHUUHG WR E\ YDULRXV QDPHV LQ OLWHUDWXUH
OLNH DFWLYLWLHV WDVNV RU DFWLRQV ,Q WKH UHVW RI WKLV SDSHU WKH
QDPH RSHUDWLRQ LV XVHG WR FRPSO\ ZLWK SUHYLRXV ZRUN E\ WKH
DXWKRUV +HQFH RSHUDWLRQ WDVN DFWLRQ RU DFWLYLW\ FDQ EH XVHG
LQWHUFKDQJHDEOH LQ WKLV SDSHU
7KH PRGHOLQJ LQ >@ LQFOXGHV D VHW RI RSHUDWLRQV DQG WKHLU
WUDQVLWLRQ FRQGLWLRQV WRJHWKHU ZLWK HQWLWLHV UHVRXUFHV DQG
YDULDEOHV  ZKHUH WKH H[HFXWLRQ UHVWULFWLRQV DUH VSHFL¿HG XVLQJ
WUDQVLWLRQ FRQGLWLRQV IRU HDFK RSHUDWLRQ 7KLV HQDEOHV WKH SRV
VLELOLW\ WR FUHDWH PXOWLSOH SURMHFWLRQV RU PXOWLSOH YLVXDO YLHZV
RI WKH RSHUDWLRQ UHODWLRQV WR HQDEOH EHWWHU XQGHUVWDQGLQJ 7KLV
LV DFFRPSOLVKHG E\ FUHDWLQJ YDULRXV 6HTXHQFHV RI 2SHUDWLRQV
LQFOXGLQJ D PXOWLSOLFLW\ RI VHTXHQFHV DQG RSHUDWLRQ UHODWLRQV
7KH NH\ GLVFRYHULHV WKDW DFFRPSOLVKHV WKLV DUH WKH VWDWHEDVHG
RSHUDWLRQ UHODWLRQ LGHQWL¿FDWLRQ DQG YLVXDOL]DWLRQ PHWKRGV
0RVW RI WKH SUHVHQWHG PRGHOV DQG DOJRULWKPV SUHVHQWHG LQ
WKLV SDSHU KDYH EHHQ LPSOHPHQWHG LQ DQ SURWRW\SH WRRO FDOOHG
VHTXHQFH SODQQHU VHH ¿J 
7KLV SDSHU GH¿QHV D JHQHUDOL]DWLRQ RI WKH PRGHOLQJ PHWKRG
WR DOVR LQFOXGH WKH ³RQOLQH´ H[HFXWLRQ EHKDYLRU WKDW ZLOO EH
XVHG DW DQ (' ,Q WKH QH[W VHFWLRQ UHODWHG ZRUN LV GLVFXVVHG
WRJHWKHU ZLWK D V\QWKHVLV RI WKH IXQGDPHQWDO FKDOOHQJHV 7KH
H[WHQGHG PRGHOLQJ PHWKRG LV SUHVHQWHG LQ 6HFWLRQ ,,, WRJHWKHU
ZLWK WKH YLVXDOL]DWLRQ PHWKRGV LQ 6HFWLRQ ,9 $ FDVH VWXG\
IURP DQ (' LV SUHVHQWHG LQ 6HFWLRQ 9
,, 02'(/,1* 23(5$7,21 352&(66(6
7KH PRVW ZLGHVSUHDG WRRO IRU VSHFLI\LQJ RSHUDWLRQV LV
SUREDEO\ WKH *DQWW FKDUW >@ ZKLFK LV HDV\ WR XVH DQG XQGHU
VWDQG DQG LQWXLWLYH WR ZRUN ZLWK >@ +RZHYHU LW ZDV VRRQ
UHFRJQL]HG WKDW SODQQLQJ FRPSOH[ ODUJHVFDOH V\VWHPV ZDV
WRR FRPSOLFDWHG IRU WKH *DQWW FKDUW >@ 7KH FKDUW GRHV QRW
UHDOO\ UHSUHVHQW ORJLFDO UHODWLRQV DPRQJ V\VWHP HOHPHQWV EXW
UDWKHU WKHLU GXUDWLRQV DQG VWDUW DQG VWRS WLPHV )RU H[DPSOH
*DQWW FKDUWV FDQQRW KDQGOH DOWHUQDWLYHV DQG DUELWUDU\ RUGHU RU
UHSUHVHQW LQWHUGHSHQGHQW DQG QHWZRUNOLNH UHODWLRQV
6LQFH WKH UHODWLRQ DPRQJ RSHUDWLRQV DUH IXQGDPHQWDOO\
ORJLFDO SODQQLQJ XVLQJ *DQWW FKDUWV DORQH FDQ ZRUVHQ SODQQLQJ
DQG H[HFXWLRQ SUREOHPV 7KLV ODFN RI ÀH[LELOLW\ LV DOVR IRXQG
LQ RWKHU SURFHVV SODQQLQJ WRROV VXFK DV 3(57 FKDUWV >@
VWDWHFKDUWV >@ VHTXHQWLDO IXQFWLRQ FKDUWV 6)&V >@ 3HWUL
)LJ  7KH SURWRW\S WRRO VHTXHQFH SODQQHU
QHWV 31V >@ DQG ZRUNÀRZ PDQDJHPHQW WRROV >@ $OO RI
WKHVH DWWHPSW WR GHVFULEH RSHUDWLRQ EHKDYLRU XVLQJ SURFHVV
PRGHOV LQ YDULRXV ZD\V +RZHYHU DV ZLOO EH DUJXHG LQ WKLV
SDSHU WKDW LV DQ LQÀH[LEOH DQG OLPLWLQJ DSSURDFK
0DQ\ ZRUNÀRZ PDQDJHPHQW WRROV DUH EDVHG RQ 3HWUL QHWV
>@ DQG DUH XVHG WR PRGHO DQG PDQDJH EXVLQHVV SURFHVVHV
7KH\ DUH FRPPRQO\ XVHG WR DXWRPDWH LQIRUPDWLRQ KDQGOLQJ LQ
FRPSXWHU V\VWHPV >@ 1XPHURXV WRROV DUH DYDLODEOH IRU PRG
HOLQJ DQG H[HFXWLQJ ZRUNÀRZV WRROV VXFK DV 7LEFR 6WDIIZDUH
,%0 :HEVSKHUH <$:/ DQG 6$3 :RUNÀRZ FRPSDUHG LQ
YDQ GHU $DOVW HW DO >@
$ ZRUNÀRZ GHVFULEHV WKH URXWLQJ RI D FDVH E\ PHDQV
RI D VHTXHQFH RI WDVNV >@ 7KH WHUP ³FDVH´ UHIHUV WR D
VSHFL¿F LQVWDQFH RI D ZRUNÀRZ PRGHO UHSUHVHQWLQJ D MRE
SURGXFW VHUYLFH RU LWHP DQG ³WDVN´ UHIHUV WR D ³ORJLFDO XQLW RI
ZRUN´ >@ FDUULHG RXW E\ RQH UHVRXUFH 7KH FKDOOHQJH ZKHQ
PRGHOLQJ ZRUNÀRZV LV PRGHOLQJ WKH PDQ\ SRVVLEOH URXWLQJ
EHKDYLRUV 9DQ GHU $DOVW HW DO >@ >@ LGHQWLI\ ZRUNÀRZ
SDWWHUQV H[SUHVVLQJ QXPHURXV URXWLQJ EHKDYLRUV IRU H[DPSOH
EUDQFKLQJ V\QFKURQL]DWLRQ LWHUDWLRQ FDQFHOODWLRQ PXOWLSOH
LQVWDQFHV UHVRXUFH DQG GDWD LQWHUDFWLRQ
7KH PDLQ DGYDQWDJH RI ZRUNÀRZ PRGHOV LV WKDW URXWLQJ
EHKDYLRU FDQ EH H[SUHVVHG JUDSKLFDOO\ E\ DGGLQJ OLQHV DQG
DUURZV 7KLV LV YHU\ DWWUDFWLYH IRU VPDOO V\VWHPV VLQFH DQ
H[SOLFLW URXWLQJ LV VKRZQ JUDSKLFDOO\ HQDEOLQJ HDV\ XQGHU
VWDQGLQJ 8QIRUWXQDWHO\ WKHVH JUDSKLFDO GHVFULSWLRQV VRRQ EH
FRPH PHVV\ GXH WR WKH FRPSOH[LW\ RI UHDO URXWLQJ EHKDYLRUV
7KLV LV HYLGHQW ZKHQ FRQVLGHULQJ WKH LQFUHDVLQJ QXPEHU RI
³GLVFRYHUHG´ SDWWHUQV >@
7KHVH PRGHOLQJ DSSURDFKHV KDYH WKUHH PDLQ SUREOHPV
PLVVLQJ GHVLJQ UDWLRQDOH LQÀH[LEOH GXULQJ SODQQLQJ DQG H[H
FXWLRQ DQG WKLUG ± VLQJOH YLHZ 7KH GHVLJQ UDWLRQDOH GHVFULEHV
WKH UHDVRQLQJ XQGHUO\LQJ GHFLVLRQV PDGH GXULQJ SODQQLQJ
DQG DFWXDO H[HFXWLRQ RI WKH SURFHVV >@ LH ZK\ D VSHFL¿F
RSHUDWLRQ RUGHULQJ LV GH¿QHG +RZHYHU ZKHQ PRGHOLQJ WKH
URXWLQJ EHKDYLRU WKH GHVLJQ UDWLRQDOH LV RIWHQ QRW H[SOLFLWO\
VWDWHG PDNLQJ LW LPSRVVLEOH WR XQGHUVWDQG ZK\ RQH SDUWLFXODU
RSHUDWLRQ LV H[HFXWHG DIWHU DQRWKHU 7KLV RFFXUV EHFDXVH WKH
VHTXHQFH RI RSHUDWLRQV LV UHODWHG WR VRPHWKLQJ H[WHUQDO WR WKH
JUDSKLFDO PRGHO PHDQLQJ WKDW WKH URXWLQJ EHKDYLRU LV DOVR
UHODWHG WR VRPHWKLQJ H[WHUQDO
0RVW PRGHOLQJ ODQJXDJHV H[SOLFLWO\ UHSUHVHQW HYHU\ SRVVL
EOH URXWH +RZHYHU GXULQJ WKH SODQQLQJ WKH QXPEHU RI SRVVL
EOH URXWHV LV HQRUPRXV DQG PRUHRYHU WKHVH URXWHV IUHTXHQWO\
FKDQJH GXULQJ H[HFXWLRQ 7KLV HLWKHU PDNHV WKH PRGHOLQJ
WRROV XQXVDEOH GXULQJ WKH SODQQLQJ SURFHVV RU OHDGV WR GHVLJQ
UHVWULFWLRQV VR WKDW WKH SODQ ¿WV WKH PRGHO 7KH ODWWHU LV DFWXDOO\
WKH PRVW FRPPRQ RXWFRPH ZKLFK LV HYLGHQW ZKHQ WU\LQJ WR
IROORZ WKH SODQQHG RSHUDWLRQ VHTXHQFH LQ SUDFWLFH
7KH ODVW SUREOHP ZLWK PRGHOLQJ WRROV LV WKDW XVXDOO\ WKH
PRGHOHU QHHGV WR GHFLGH ZKDW ³YLHZ´ WR XVH IRU H[DPSOH
ZKHWKHU WKH PRGHO GLVSOD\V WKH SDWLHQW URXWLQJ RU WKH ZRUNLQJ
RUGHU RI D UHVRXUFH +RZHYHU WR GHVLJQ FRPSOH[ V\VWHPV LW
LV QHFHVVDU\ WR FRQVLGHU PXOWLSOH YLHZV RI YDULRXV HQWLWLHV
UHVRXUFHV IXQFWLRQDOLWLHV HWF
7KHVH SUREOHPV DULVH EHFDXVH WKH URXWLQJ EHKDYLRU LV DQ
LQGLUHFW FRQVHTXHQFH RI WKH UHTXLUHPHQWV WR VWDUW H[HFXWLQJ DQ
RSHUDWLRQ ZKLFK LQYROYH IRU H[DPSOH WKH VWDWH RI D UHVRXUFH
HQWLW\ RU DQRWKHU RSHUDWLRQ 7KHVH RSHUDWLRQ UHTXLUHPHQWV FDQ
UHVXOW LQ PDQ\ W\SHV RI URXWLQJ EHKDYLRU ZKLFK ZLOO EH DOPRVW
LPSRVVLEOH WR GHVFULEH LQ D JUDSKLFDO PRGHO $ EHWWHU DSSURDFK
LV WKHUHIRUH QHHGHG ZKHQ SODQQLQJ DQG H[HFXWLQJ RSHUDWLRQ
DQG URXWLQJ EHKDYLRU
$OO WKHVH PRGHOLQJ FKDOOHQJHV EHFRPHV HYHQ PRUH HYLGHQW
GXULQJ WKH DFWXDO H[HFXWLRQ RI WKH RSHUDWLRQV $W DQ HPHUJHQF\
GHSDUWPHQW WKH QXPEHU RI SRVVLEOH SDWLHQW URXWHV WKURXJK WKH
V\VWHP DUH HQRUPRXV DQG PDQ\ RSHUDWLRQV DUH JRLQJ RQ DW
WKH VDPH WLPH >@ >@ 7KHUHIRUH LW LV LPSRUWDQW WR KDYH DQ
RYHUYLHZ DQG XQGHUVWDQGLQJ RI WKH RSHUDWLRQ EHKDYLRU GXULQJ
WKH DFWXDO FDUH
7KH SURSRVHG DSSURDFK LV WR VSHFLI\ WKH RSHUDWLRQV DQG WKHLU
H[HFXWLRQ FRQVWUDLQWV DQG QRW H[SOLFLWO\ VSHFLI\LQJ DOO SRVVLEOH
RSHUDWLRQ VHTXHQFHV 7KLV UHWDLQV IXOO ÀH[LELOLW\ GXULQJ WKH
SODQQLQJ SKDVH DQG DOORZV WKH GHVLJQ UDWLRQDOH WR EH WUDFNHG
VLQFH WKH UHDVRQ IRU D VSHFL¿F H[HFXWLRQ RUGHU LV DYDLODEOH LQ
WKH VSHFL¿FDWLRQV 7KLV ÀH[LELOLW\ ZLOO DOVR EH DYDLODEOH GXULQJ
WKH RSHUDWLRQ H[HFXWLRQ
7KH SUREOHP WKRXJK ZLWK WKLV ÀH[LEOH DSSURDFK LV WKDW LW
PDNHV LW GLI¿FXOW RU HYHQ LPSRVVLEOH WR XQGHUVWDQG WKH URXWLQJ
DQG RSHUDWLRQ EHKDYLRU 7KHUHIRUH PHWKRGV DQG WRROV WKDW FDQ
DXWRPDWLFDOO\ FUHDWH YDULRXV YLHZV RI FXUUHQW EHKDYLRU EDVHG
RQ WKH FRQVWUDLQWV DUH SUHVHQWHG LQ WKLV SDSHU
,,, 02'(/,1* 23(5$7,21 %(+$9,25
7KH SUHVHQWHG PRGHOLQJ DSSURDFK LV DQ H[WHQVLRQ RI WKH
ZRUN E\ %HQJWVVRQ HW DO >@ >@ 6RPH SDUWV RI WKH DSSURDFK
LV VWLOO WKH VDPH DV LQ WKHVH SDSHUV IRU H[DPSOH KRZ WKH
RSHUDWLRQV FDQ EH WUDQVODWHG LQWR DQ H[WHQGHG ¿QLWH DXWRPDWRQ
()$ >@ D JHQHUDOL]HG DXWRPDWRQ LQFOXGLQJ YDULDEOHV
JXDUGV DQG DFWLRQV DQG LV WKHUHIRUH OHIW RXU RI WKLV SDSHU
)RUPDO ()$ WRROV DUH DYDLODEOH VHH >@ >@ >@ +HQFH
ERWK IRUPDO YHUL¿FDWLRQ DQG V\QWKHVLV FDQ EH DSSOLHG GLUHFWO\
LQ WKH VXJJHVWHG ()$ PRGHOV
7KH EHKDYLRU RI DQ RSHUDWLRQ PRGHO O FDQ EH UHSUHVHQWHG
E\ WKH VWDWH PRGHO GHSLFWHG LQ )LJ  7KH LQLWLDO ORFDWLRQ
LV GHQRWHG Oi WKH H[HFXWLQJ ORFDWLRQ Oe DQG WKH ¿QLVKHG
ORFDWLRQ Of  7KH VWDUW WUDQVLWLRQ EHWZHHQ Oi DQG Oe LV
LQGLFDWHG E\ WKH VWDUW HYHQW e↑ DQG WKH SUHFRQGLWLRQ E\ O↑
)LQDOO\ WKH VWRS HYHQW DQG WKH SRVWFRQGLWLRQ DUH GHQRWHG e↓
DQG O↓ UHVSHFWLYHO\
)LJ  $ PRGHO RI RSHUDWLRQ O
$Q RSHUDWLRQ FDQ DOVR EH GH¿QHG E\ D VHW RI VXERSHUDWLRQV
GHVFULELQJ WKH GHWDLOHG EHKDYLRU RI WKH RSHUDWLRQ 7KHVH RS
HUDWLRQV DUH LQFOXGHG LQ D VHTXHQFHV RI RSHUDWLRQV 623
VWUXFWXUH ZKLFK ZLOO EH GLVFXVVHG ODWHU %HIRUH SUHVHQWLQJ
PRUH GHWDLOV RI WKH RSHUDWLRQV OHW XV ¿UVW GLVFXVV HQWLWLHV DQG
UHVRXUFHV
$ (QWLWLHV DQG UHVRXUFHV
2SHUDWLRQV GHVFULEH WKH EHKDYLRU RI D V\VWHP ZKHUH WKH
V\VWHP LV VSHFL¿HG E\ HQWLWLHV DQG UHVRXUFHV (QWLWLHV HJ SD
WLHQWV FRPSRQHQWV GRFXPHQWV EORRG VDPSOHV RU FXVWRPHUV
DUH REMHFWV WKDW QHHG WR EH WUDQVIRUPHG E\ RSHUDWLRQV WR
UHDFK D FRPSOHWH VWDWH 5HVRXUFHV DUH GH¿QHG DV REMHFWV
WKDW DLG LQ WKH WUDQVIRUPDWLRQ RI HQWLWLHV UHVRXUFHV LQFOXGH
PDFKLQHV SHRSOH WRROV FRPSXWHUV DQG SODFHV 5HVRXUFHV WKDW
FDQ SHUIRUP RSHUDWLRQV KDYH D VHW RI DELOLWLHV GH¿QLQJ ZKDW
W\SH RI RSHUDWLRQ WKH\ FDQ SHUIRUP ZKHUH DQ DELOLW\ LV GH¿QHG
DV DQ RSHUDWLRQ PRGHO
$Q HQWLW\ RU D UHVRXUFH E FDQ EH UHSUHVHQWHG E\ D VHW RI
VWDWH YDULDEOHV LH E = {x1, . . . , xn} $ VLQJOH VWDWH YDULDEOH
UHSUHVHQWV D VSHFL¿F DVSHFW RI E IRU H[DPSOH D GRRU FDQ
KDYH D VWDWH YDULDEOH x ZKHUH WKH GRPDLQ RI x LV GHQRWHG
X ZLWK WKH YDOXHV X = {opened, closed} UHSUHVHQWLQJ WKH
SRVLWLRQLQJ DVSHFW RI WKH GRRU $ GRRU FDQ DOVR KDYH VWDWH
YDULDEOHV UHSUHVHQWLQJ RWKHU DVSHFWV IRU H[DPSOH ZKHWKHU LW LV
PRXQWHG LQ ZKDW PDQXIDFWXULQJ VWHS LW LV ORFDWHG RU ZKHWKHU
LW LV ORFNHG :KDW VWDWH YDULDEOHV WR XVH DQG ZKDW YDOXHV WKH\
FDQ WDNH GHSHQG RQ WKH LQWHQGHG XVH RI WKH V\VWHP PRGHO
7KH SXUSRVH RI D V\VWHP LV WR WUDQVIRUP WKH VWDWH YDULDEOHV
RI WKH UHOHYDQW HQWLWLHV VXFK WKDW D FRPSOHWHG VWDWH LV UHDFKHG
$ FRPSOHWHG VWDWH LV UHDFKHG ZKHQ HYHU\ VWDWH YDULDEOH LV
DVVLJQHG D PDUNHG YDOXH ZKHUH RQH RU PDQ\ RI WKH YDOXHV LQ
WKH YDULDEOH GRPDLQ FDQ EH PDUNHG 7KH PDUNHG YDOXH RI VWDWH
YDULDEOH x LV GHQRWHG XM  ZKHUH XM ⊆ X  6WDWH YDULDEOHV
WKDW DUH QRW UHOHYDQW WR D FRPSOHWHG VWDWH DUH FDOOHG XQPDUNHG
WKRXJK DOO WKHLU YDOXHV DUH DFWXDOO\ PDUNHG 7KLV UHTXLUHV D
FOHDU GH¿QLWLRQ WR DYRLG FRQIXVLRQ
'H¿QLWLRQ  0DUNHG DQG XQPDUNHG VWDWH YDULDEOHV
6WDWH YDULDEOH x LV UHIHUUHG WR DV PDUNHG LI
XM ⊂ X,XM = ∅ LH DW OHDVW RQH EXW QRW DOO YDULDEOH
YDOXHV DUH LQFOXGHG LQ WKH PDUNHG VHW 6WDWH YDULDEOH y LV
UHIHUUHG WR DV XQPDUNHG LI YM = Y, YM = ∅ LH DOO
YDULDEOH YDOXHV DUH PDUNHG 
7KH GLIIHUHQFH EHWZHHQ HQWLWLHV DQG UHVRXUFHV UHODWHG WR
WKHLU PDUNHG YDOXHV DUH WKDW DOO WKH VWDWH YDULDEOHV RI D UHVRXUFH
DUH XQPDUNHG 2EVHUYH WKRXJK WKDW LQ VRPH FDVHV D UHVRXUFH
FDQ EH DQ HQWLW\ DV ZHOO DQG WKHUHIRUH KDYH PDUNHG VWDWH
YDULDEOHV IRU H[DPSOH D URRP WKDW QHHGV WR UHWXUQ WR HPSW\
VWDWH DW WKH HQG RI D F\FOH ZKLFK FDQ EH PRGHOHG E\ D PDUNHG
VWDWH RI WKH URRP
$ VWDWH YDULDEOH FDQ DOVR EH VKDUHG DPRQJ HQWLWLHV DQG
UHVRXUFHV ZKHQ LW UHSUHVHQWV D VKDUHG DVSHFW RU LQWHUDFWLRQ
6KDUHG VWDWH YDULDEOHV DUH VSHFL¿HG E\ DQ LQWHUDFWLRQ GH¿QHG
E\ I =< IV , IE > ZKHUH IV LV D VHW RI VWDWH YDULDEOHV DQG
IE LV D VHW RI HQWLWLHV DQG UHVRXUFHV WKDW UHFHLYHV WKH VWDWH
YDULDEOHV
% 2SHUDWLRQ PRGHOLQJ XVLQJ WUDQVLWLRQ FRQGLWLRQV
7KH SUH DQG SRVWFRQGLWLRQV LH O↑ DQG O↓ RI RSHUD
WLRQ O FRQVWLWXWH WKH FRUH RI WKH RSHUDWLRQ 5HTXLUHPHQWV
DQG FRQVWUDLQWV UHODWHG WR WKH RSHUDWLRQ DUH VSHFL¿HG XVLQJ
WKHVH WUDQVLWLRQ FRQGLWLRQV $ JXDUG H[SUHVVLRQ FDQ FRQWDLQ
VWDWHPHQWV LQFOXGLQJ VWDWH YDULDEOHV RU RSHUDWLRQ VWDWHV 7KH
VWDWH YDULDEOHV XVHG LQ WKH VWDWHPHQW FDQ UHIHU WR ERWK WKH
FXUUHQW YDOXH x DQG WKH QH[W YDOXH x′ 7KH VWDWHPHQWV DUH
VHSDUDWHG E\ ∧ $1' RU ∨ 25 ZKHUH D VWDWHPHQW FDQ
LQFOXGH VWDQGDUG RSHUDWRUV VXFK DV =, =, DQG < $ VWDWHPHQW
WKDW UHIHUV WR WKH VWDWH RI DQ RSHUDWLRQ FDQ EH H[SUHVVHG XVLQJ
WKH FXUUHQW ORFDWLRQ RI DQ RSHUDWLRQ Oi Oe RU Of 
7KH FRQGLWLRQV DOVR LQFOXGHV WUDQVLWLRQ DFWLRQV WKDW XSGDWHV
VWDWH YDULDEOHV $ VWDWH YDULDEOH FDQ EH DVVLJQHG D GLUHFW YDOXH
HJ position := closed x := 4 RU WKH YDOXH RI D IXQFWLRQ
RU DQRWKHU YDULDEOH HJ x := y + z
& 5HVRXUFH DELOLWLHV
$ WUDQVIRUPDWLRQ RSHUDWLRQ LV DQ RSHUDWLRQ WKDW GLUHFWO\
FKDQJHV WKH YDOXH RI D PDUNHG VWDWH YDULDEOH %XW WR H[HFXWH D
WUDQVIRUPDWLRQ RSHUDWLRQ LW PXVW EH PDWFKHG DQG PHUJHG ZLWK
D UHVRXUFH DELOLW\ 7KHQ D WUDQVIRUPDWLRQ RSHUDWLRQ LQVWDQFH
LV FUHDWHG 'XULQJ WKLV PDWFKLQJ SURFHVV PXOWLSOH RSHUDWLRQ
LQVWDQFHV FDQ EH FUHDWHG VLQFH PDQ\ DELOLWLHV PD\ EH PDWFKHG
ZLWK WKH VDPH WUDQVIRUPDWLRQ RSHUDWLRQ )RU H[DPSOH PXOWLSOH
UHVRXUFHV PD\ EH DEOH WR ZHOG WZR SDUWV WRJHWKHU VR RQH
RSHUDWLRQ LQVWDQFH SHU UHVRXUFH ZLOO EH FUHDWHG
7KH FUHDWHG RSHUDWLRQ LQVWDQFHV ZLOO DOVR KDYH RWKHU W\SHV RI
UHTXLUHPHQWV DQG FRQVWUDLQWV 7KH\ ZLOO IRU H[DPSOH UHTXLUH
WKDW EHIRUH H[DPLQH D SDWLHQW WKH SDWLHQW QHHGV WR EH LQ D
H[DPLQDWLRQ URRP 7KHUHIRUH RWKHU W\SHV RI RSHUDWLRQV DUH
DOVR QHHGHG E\ WKH V\VWHP VXFK DV WUDQVSRUWDWLRQ UHJLVWUDWLRQ
UHVRXUFH PRWLRQV VDIHW\ WDVNV DQG FRPPXQLFDWLRQ (DFK
WUDQVIRUPDWLRQ RSHUDWLRQ LQVWDQFH UHTXLUHV D VHW RI WKHVH RWKHU
RSHUDWLRQV EDVHG RQ ZKDW WKH LQVWDQFH KDV VSHFL¿HG LQ LWV
WUDQVLWLRQ FRQGLWLRQ
%\ DWWHPSWLQJ WR VDWLVI\ UHTXLUHPHQWV LQ WKH WUDQVLWLRQ FRQ
GLWLRQV QHZ RSHUDWLRQV FDQ EH UHFXUVLYHO\ DGGHG WR WKH V\VWHP
:KHQ DOO UHTXLUHPHQWV DUH VDWLV¿HG E\ DW OHDVW RQH RWKHU
RSHUDWLRQ LW LV SRVVLEOH WR H[HFXWH WKH RSHUDWLRQ +RZHYHU
VLQFH LW LV GLI¿FXOW WR FRPSOHWHO\ XQGHUVWDQG ZKDW LV JRLQJ
LW LV QHFHVVDU\ WR XVH D JUDSKLFDO UHSUHVHQWDWLRQ WR EHWWHU
XQGHUVWDQG WKH V\VWHP DQG LWV RSHUDWLRQV
,9 9,68$/,=$7,21
(DFK RSHUDWLRQ ZLOO VWDUW LQ LWV LQLWLDO ORFDWLRQ DQG ZDLW IRU
LWV SUHFRQGLWLRQ WR EH IXO¿OOHG ,I WKHUH DUH QR SUHFRQGLWLRQV
DOO RSHUDWLRQV ZLOO H[HFXWH XQUHODWHG WR HDFK RWKHU ,Q SUDFWLFH
D QXPEHU RI FRQGLWLRQV ZLOO UHVWULFW WKLV EHKDYLRU ,I DQ
RSHUDWLRQ LQFOXGHV WKH VWDWH RI DQRWKHU RSHUDWLRQ LQ D WUDQVLWLRQ
FRQGLWLRQ IRU H[DPSOH O↑  Ofk  WKHQ WKH WZR RSHUDWLRQV
DUH GLUHFWO\ UHODWHG )RU H[DPSOH LW LV REYLRXV IURP VWXG\LQJ
WKH WZR RSHUDWLRQV WKDW Ok ZLOO DOZD\V H[HFXWH EHIRUH O
,Q DGGLWLRQ LI O↑k  x = 0;x := 1 DQG O↑  x = 1 WKHQ
Ok DQG O ZLOO EH GLUHFWO\ UHODWHG +RZHYHU PRVW RSHUDWLRQV
ZLOO QRW EH GLUHFWO\ UHODWHG WR HDFK RWKHU HYHQ WKRXJK WKH\ DUH
UHODWHG LQ VRPH ZD\ &RQVLGHU IRU H[DPSOH Ok, O DQG Om
ZKHUH O↑  Ofk DQG O↑m  Of  7KHQ Ok ZLOO DOZD\V SUHFHGH
Om HYHQ WKRXJK WKLV LV QRW REYLRXV IURP H[DPLQLQJ RQO\ Om
DQG Ok WKHVH DUH LQGLUHFWO\ UHODWHG
$ 2SHUDWLRQ UHODWLRQV DQG VHTXHQFHV RI RSHUDWLRQV
7R DQDO\]H DQG UHDVRQ DERXW WKH UHODWLRQV DPRQJ RSHUDWLRQV
RQH DSSURDFK LV WR H[DPLQH WKH SRVVLEOH ORFDWLRQV RI DQ
RSHUDWLRQ UHODWHG WR ZKHQ DQ HYHQW LV HQDEOHG $Q RSHUDWLRQ
Ok ZLOO EH ORFDWHG LQ RQH RI LWV WKUHH ORFDWLRQV ZKHQ RSHUDWLRQ
O VWDUWV %\ LGHQWLI\LQJ WKH VWDWHV ZKHUH e↑ LV HQDEOHG
WKH SRVVLEOH ORFDWLRQV RI Ok FDQ EH IRXQG $ VHW GHQRWHG
O
e
↑

k LV FUHDWHG ZKLFK FDQ EH RQH RI WKH IROORZLQJ VHYHQ
ORFDWLRQ FRPELQDWLRQV {Oek} {Ofk} {Oik, Oek} {Oik, Ofk}
{Oek, O
f
k} DQG {Oik, Oek, Ofk} )RU H[DPSOH LI Oe
↑

k = {O
f
k}
WKHQ RSHUDWLRQ O ZLOO RQO\ VWDUW ZKHQ RSHUDWLRQ Ok LV LQ LWV
¿QDO ORFDWLRQ
7R GH¿QH WKH SRVVLEOH UHODWLRQV EHWZHHQ RSHUDWLRQV Ok DQG
O DOO IRXU ORFDWLRQ VHWV LH Oe
↑

k  Oe
↓

k  Oe
↑
k
  DQG Oe
↓
k
 
PXVW EH LGHQWL¿HG DQG FRPSDUHG 2EVHUYH WKDW Oe
↑

k LV WKH
VHW RI SRVVLEOH ORFDWLRQV RI Ok ZKHQ WKH VWDUW HYHQW e↑ RI
O LV HQDEOHG LH ZKHQ O KDV WKH SRVVLELOLW\ WR VWDUW 7KH
SRVVLEOH FRPELQDWLRQV RI WKHVH VWDWH VHWV FDQ EH JURXSHG LQWR
WKH IROORZLQJ UHODWLRQ W\SHV
'H¿QLWLRQ  5HODWLRQV EHWZHHQ Ok DQG O
• $OZD\V LQ VHTXHQFH Ok  O
• 6RPHWLPHV LQ VHTXHQFH Ok  O
• 3DUDOOHO Ok‖O
• $OWHUQDWLYH Ok +O
• $UELWUDU\ RUGHU Ok ⊕O
• +LHUDUFK\ Ok  O
• 6RPHWLPHV LQ KLHUDUFK\ Ok
∼
 O
• 2WKHU Ok upriseO

:KHQ WKH UHODWLRQV KDYH EHHQ SDLUZLVH LGHQWL¿HG WKHVH
UHODWLRQV QHHGV WR EH YLVXDOL]HG LQ VRPH ZD\ +HUH D JUDSKLFDO
ODQJXDJH FDOOHG 6HTXHQFHV RI RSHUDWLRQV 623 LV XVHG 7KH
623 SOP LV D PRGHO WKDW UHSUHVHQWV D VHW RI RSHUDWLRQV
SOPO ⊆ O WKHLU UHODWLRQV SOPR DQG D VHW RI VHTXHQFHV
SOPS  7KH SOPO RSHUDWLRQV DUH JURXSHG LQWR D 623 IRU
YDULRXV UHDVRQV IRU H[DPSOH WKDW WKH\ DUH H[HFXWHG E\ WKH
VDPH UHVRXUFH UHODWHG WR D VSHFL¿F SDWLHQW RU UHODWHG WR D
)LJ  7ZR VHTXHQFHV RI SOP1 ([DPSOHV RI 623 ODQJXDJH
QRWDWLRQV (a) VHTXHQFH (b) KLHUDUFK\ (c) SDUDOOHO DQG (d)
DOWHUQDWLYH
GLDJQRVLV $ VLQJOH RSHUDWLRQ FDQ DOVR EH LQFOXGHG LQ PXOWLSOH
623V 7KH PDLQ UHDVRQ IRU JURXSLQJ WKHVH RSHUDWLRQV LV WR EH
DEOH WR FRQVLGHU WKH UHODWLRQV DPRQJ WKH LQFOXGHG RSHUDWLRQV
ZKLFK DUH GH¿QHG E\ UHODWLRQV SOPR = {< O1, rel, O2 >
< 01, rel, O3 > . . . < On, rel On−1 > { ZKHUH rel LV
D UHODWLRQ IURP 'H¿QLWLRQ  ZKLFK UHSUHVHQWV WKH SDLUZLVH
UHODWLRQ EHWZHHQ RSHUDWLRQV 7KH ¿QDO SDUW RI WKH 623 LV WKH
VHTXHQFHV 6HTXHQFH s ∈ SOPS LV D JUDSK WKDW FRQQHFWV VHW
sO ⊆ SOPO RI RSHUDWLRQV WR YLVXDOL]H WKHLU UHODWLRQV ZKLFK
LV GRQH XVLQJ DUURZV OLQHV DQG %RROHDQ H[SUHVVLRQV
,Q )LJ  SOP1 LV VKRZQ LQFOXGLQJ WZR VHTXHQFHV 7KH
DUURZ DW (a) FRUUHVSRQGV WR WKH VHTXHQWLDO UHODWLRQ DOZD\V LQ
VHTXHQFH EHWZHHQ O2 DQG O3 2SHUDWLRQ O1 FRQVLVWV RI WZR
VXERSHUDWLRQV O2 DQG O3 GHQRWHG E\ WKH JUD\ ER[ (b) 3UH
DQG SRVWFRQGLWLRQV FDQ DOVR EH VKRZQ DV %RROHDQ H[SUHVVLRQV
IRU H[DPSOH DV WKH SRVWFRQGLWLRQ p := type IRU O3 ZKLFK LV
DQ DFWLRQ WKDW DVVLJQV YDULDEOH p WKH YDOXH RI DQRWKHU YDULDEOH
RU OLNH WKH SUHFRQGLWLRQ Of
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IRU O6
7KH SDUDOOHO OLQHV DW (c) UHSUHVHQW D SDUDOOHO UHODWLRQ PHDQ
LQJ WKDW O4 DQG O6 KDYH D SDUDOOHO UHODWLRQ DQG WKDW WKH\ DUH
ERWK DOZD\V LQ VHTXHQFH ZLWK O1 $Q DOWHUQDWLYH EUDQFK LV
VKRZQ DW (d) ZKHUH HLWKHU O8 RU O9 LV H[HFXWHG 7KH VDPH
RSHUDWLRQ FDQ RFFXU LQ PXOWLSOH VHTXHQFHV EXW RQO\ RQFH SHU
VHTXHQFH IRU H[DPSOH O2 0RUH GHWDLOV RI WKH 623 ODQJXDJH
DQG QRWDWLRQV FDQ EH IRXQG LQ >@ ZKHUH DOVR WKH JUDSKLFDO
QRWDWLRQ IRU DUELWUDU\ RUGHU DQG ORRSV LV GH¿QHG $OJRULWKPV
WR FUHDWH VHTXHQFHV EDVHG RQ RSHUDWLRQ UHODWLRQV DUH SUHVHQWHG
LQ >@
9 3$7,(17 &225',1$7,21 678'<
$Q HPHUJHQF\ GHSDUWPHQW DW WKH KRVSLWDO LQ 7UROOKlWWDQ
6ZHGHQ ZDV VWXGLHG GXULQJ RQH ZHHN 7KH FRQFOXVLRQ ZDV
WKDW LW ZDV KDUG EXW LPSRUWDQW WR JHW DQ XQGHUVWDQGLQJ RI
WKH RSHUDWLRQ EHKDYLRU DQG WKDW WKH FDUH RI SDWLHQWV DW DQ
HPHUJHQF\ GHSDUWPHQW LQFOXGHV DQ DVSHFW RI GHYHORSPHQW LH
WKH FDUH RI D SDWLHQW QHHGV WR EH GHYHORSHG XQLTXHO\ IRU WKDW
SDWLHQW
7KH HYHU UHSHDWLQJ GHVLJQ DQG LPSURYHPHQW F\FOH FRQVLVW
RI IRXU VWDJHV SODQQLQJ GRLQJ FKHFNLQJ DQG DGMXVWLQJ &XU
UHQWO\ GLIIHUHQW WRROV DQG RSHUDWLRQ EHKDYLRU UHSUHVHQWDWLRQV
DUH XVHG LQ HDFK VWDJH RIWHQ ZLWK OLPLWHG LQWHUFRQQHFWLRQ
EHWZHHQ WKH UHSUHVHQWDWLRQV 7R EHWWHU XQGHUVWDQG WKH RSHU
DWLRQ EHKDYLRU GXULQJ WKH SODQQLQJ SKDVH RI WKH (' ZRUN
VRPHWLPHV YDOXH VWUHDP PDSSLQJ >@ RU ZRUNÀRZ PRGHOV DUH
FUHDWHG %XW GXH WR WKH OLPLWDWLRQV RI WKHVH WRROV WKH FUHDWHG
PRGHOV DUH KDUG WR XVH IRU DLGLQJ WKH DFWXDO ZRUN ZLWK WKH
SDWLHQWV LQ WKH GRLQJ VWDJH $QG WKH IHZ WRROV WKDW FDQ EH
XVHG GXULQJ WKH GRLQJ SKDVH WKH\ DUH QRW VXEWLWOH WR XVH
IRU IROORZ XS DQG LPSURYHPHQW ZRUN LQ WKH FKHFNLQJ DQG
DGMXVWLQJ SKDVH
,Q WKH IROORZLQJ H[DPSOH ZKLFK LV D PRGL¿HG UHDO OLIH
VLWXDWLRQ WKH RSHUDWLRQ PRGHO DQG WKH SURMHFWLRQ WRROV DUH
XVHG LQ DOO IRXU VWDJHV
3ODQQLQJ 7KH HPHUJHQF\ GHSDUWPHQW (' DW WKH KRVSLWDO
LQ 7UROOKlWWDQ UHFHLYHV DURXQG  SDWLHQW SHU GD\ 7KLV VWXG\
ZDV FRQGXFWHG DW WKH LQWHUQDO PHGLFLQH VSHFLDOW\ FRQVLVWLQJ
RI WKH WKUHH VHFWLRQV 3XUSOH %OXH DQG <HOORZ (DFK VHFWLRQ
KDV WZR SK\VLFLDQV WZR QXUVHV DQG D VHW RI URRPV $ VHFWLRQ
H[DPLQHV WKH SDWLHQWV LQLWLDWH WUHDWPHQW DQG FRQGXFWV WHVWLQJ
DQG SDWLHQW FDUH XQWLO WKH SDWLHQW HLWKHU LV GLVFKDUJHG IURP
WKH KRVSLWDO RU DGPLWWHG IRU KRVSLWDO FDUH %HIRUH D SDWLHQW LV
DVVLJQHG WR D VHFWLRQ D WULDJH WHDP WHVWV WKH YLWDO SDUDPHWHUV
RI WKH SDWLHQW DQG DVVLJQ DQ HPHUJHQF\ SULRULW\ 7KHUH DUH WZR
WULDJH WHDPV DW WKH ('
'XULQJ WKH SODQQLQJ SKDVH PDQDJHUV DQG (' FRRUGLQDWRUV
SODQ IRU WKH FRPLQJ PRQWKV DQG XSGDWHV DQG LPSURYHPHQWV RI
WKH ZRUN 9DULRXV SDWLHQW W\SHV DUH FRQVLGHUHG DQG DVVLJQHG D
VHW RI IXQGDPHQWDO RSHUDWLRQV )RU H[DPSOH PRVW SDWLHQWV ZLOO
DOZD\V KDYH WKH RSHUDWLRQV UHJLVWUDWLRQ WULDJH H[DPLQDWLRQ
DQG GLVFKDUJH RU DGPLWWDQFH 7R WKHVH IXQGDPHQWDO RSHUDWLRQV
D ODUJH VHW RI RWKHU RSHUDWLRQV DUH DOVR DGGHG RU XSGDWHG OLNH
WHVWV ;UD\ SDWLHQW FDUH DQG YDULRXV WUHDWPHQWV EDVHG RQ WKH
GHFLVLRQV WDNHQ E\ WKH (' SHUVRQDO
$OO WKH UHVRXUFHV DQG WKHLU DELOLWLHV DUH DOVR GH¿QHG DQG
XSGDWHG GXULQJ WKH SODQQLQJ SKDVH %DVHG RQ WKH GH¿QHG GDWD
LW FDQ EH SRVVLEOH WR VLPXODWH WKH SDWLHQW ÀRZ LQ WKH (' E\
DVVLJQLQJ HVWLPDWHG RSHUDWLRQ GXUDWLRQV %XW PRVW LPSRUWDQWO\
WKH PRGHO FDQ EH XVHG E\ WKH SHUVRQDO DW WKH (' ZKHQ WKH\
DUH GRLQJ WKH UHDO ZRUN
'RLQJ 2QH RI WKH PRVW REYLRXV REVHUYDWLRQV GXULQJ WKH
VWXG\ DW WKH (' ZDV WKH FKDOOHQJH IRU WKH SHUVRQDO WR JHW
DQ RYHUYLHZ RI WKH SDWLHQW ÀRZ HVSHFLDOO\ ZKHQ WKH (' ZDV
RYHUFURZGHG ZLWK SDWLHQWV 'XULQJ WKH SHDN WLPH RI WKH GD\
HDFK RI WKH WKUHH VHFWLRQV FRXOG KDYH  SDWLHQWV DW WKH
VDPH WLPH PDNLQJ WKH ZRUN YHU\ IUDJPHQWHG *HWWLQJ DQ
RYHUYLHZ RI WKH DOO WKHVH SDWLHQWV QRW RQO\ E\ WKH SHUVRQDO
DW HDFK VHFWLRQ EXW DOVR WKH FRRUGLQDWRUV DW WKH (' LV
LPSRUWDQW ERWK IRU FXUUHQW ZRUN DQG IRU LPSURYHPHQWV ,W LV
DOVR LPSRUWDQW IRU WKH SDWLHQWV WR EHWWHU XQGHUVWDQG ZKDW LV
JRLQJ RQ DQG ZK\ WKH\ DUH ZDLWLQJ
,Q )LJ  YDULRXV SURMHFWLRQ DUH VKRZQ 7KH WRS OHIW 623
UHSUHVHQWV WKH SRVVLEOH URXWH IRU SDWLHQW P1 ZKHQ DUULYLQJ
DW  2Q DUULYDO WKH SDWLHQW LV UHJLVWHUHG DQG DVVLJQHG
DQ exam RSHUDWLRQ DQG WKH DOWHUQDWLYH GLVFKDUJH RU DGPLW
WDQFH 7KHVH DUH PDWFKHG DQG PHUJHG ZLWK UHVRXUFH DELOLWLHV
1HZ RSHUDWLRQV DUH DXWRPDWLFDOO\ DGGHG EDVHG RQ WKH exam
)LJ  2YHUYLHZ RI <HOORZ VHFWLRQ DQG 3DWLHQW P1
WUDQVLWLRQ FRQGLWLRQ IRU H[DPSOH WKDW WULDJH LV QHHGHG GXH WR
RYHUFURZGLQJ DQG WKDW WKH SDWLHQW QHHGV WR EH WUDQVSRUWHG WR
RQH RI WKH VHFWLRQV
7KH trige.∗ RSHUDWLRQ LV PDUNHG UHG WR VKRZ WKDW WKH SDWLHQW
LV ZDLWLQJ IRU WKDW WDVN DQG WKH ∗ GH¿QH WKDW WKH WDVN FDQ
EH H[HFXWHG E\ PXOWLSOH UHVRXUFHV LH WKH WDVN FRQVLVW RI
WKH DOWHUQDWLYH EHWZHHQ WKH WZR RSHUDWLRQ LQVWDQFHV trige.T 1
7ULDJH 7HDP  DQG trige.T 2 7ULDJH 7HDP  7KLV 623
ZLOO HYROYH ZLWK WKH SDWLHQW DQG RSHUDWLRQV ZLOO EH DGGHG DQG
UHPRYHG EDVHG RQ WKH SDWLHQW H[DPLQDWLRQ 7KH 623 EHORZ
VKRZ WKH VWDWXV DW  DQG DW WKH ERWWRP DW  7KH
JUHHQ PDUNHG RSHUDWLRQV KDYH EHHQ FRPSOHWHG DQG WKHLU VWDUW
DQG VWRS WLPH LV VKRZQ EHORZ 7KH SDWLHQW ZDV SODFHG LQ WKH
\HOORZ VHFWLRQ ZKLFK UHPRYHV WKH RWKHU SRVVLEOH URXWHV LQ WKH
¿UVW 623
,Q WKH  623 WKH SDWLHQW LV FXUUHQWO\ EHLQJ H[DPLQHG
E\ GRFWRU D1 ZKR KDV MXVW ZULWWHQ DQ UHIHUUDO WR DQ [UD\
H[DPLQDWLRQ DQG LV FXUUHQWO\ GLFWDWLQJ WKH H[DPLQDWLRQ :KHQ
WKH UHIHUUDO ZDV ZULWWHQ WZR QHZ RSHUDWLRQV ZHUH DGGHG X
ray DQG check Xray DQG EDVHG RQ WKH Xray UHTXLUHPHQWV
DOVR to Xray ZDV DGGHG 6LQFH D1 LV QRW FXUUHQWO\ ZLWK WKH
SDWLHQW LW LV SRVVLEOH WR VWDUW to Xray GLUHFWO\
7KH 623 DW WKH WRS ULJKW VKRZV WKH FXUUHQW DQG FRPLQJ
RSHUDWLRQV IRU D1 7R XQGHUVWDQG ZK\ D VSHFL¿F RSHUDWLRQ LV
QRW VWDUWHG LW LV QHFHVVDU\ WR XQGHUVWDQG ZKDW WKH YDULRXV
UHVRXUFHV DUH GRLQJ 7KH 623 ZLOO DOVR JLYH WKH SHUVRQDO
JXLGDQFH RQ ZKDW WR GR QH[W %XW PD\EH WKH PRVW LPSRUWDQW
SURMHFWLRQ WR JLYH DQ RYHUYLHZ LV WKH 623 LQ WKH ORZHU ULJKW
VKRZLQJ WKH SDWLHQW LQ HDFK URRP
,W LV DOVR SRVVLEOH WR LGHQWLI\ ZK\ DQ RSHUDWLRQ LV QRW
VWDUWLQJ E\ VWXG\LQJ LWV WUDQVLWLRQ FRQGLWLRQ %\ YLVXDOL]LQJ
WKH UHODWLRQV EHWZHHQ WKH VWXGLHG RSHUDWLRQ DQG WKH VHTXHQFHV
RI RSHUDWLRQV WKDW VDWLV¿HV WKHVH FRQGLWLRQ LW LV HDV\ WR
XQGHUVWDQG ZKDW D SDWLHQW LV DFWXDOO\ ZDLWLQJ IRU
&KHFNLQJ DQG $GMXVWLQJ :KHQ VRPHWKLQJ KDSSHQV DW WKH
(' IRU H[DPSOH LI WKH ZDLWLQJ WLPH GUDPDWLFDOO\ LQFUHDVHG D
VSHFL¿F GD\ LW LV LPSRUWDQW WR EH DEOH WR JR EDFN DQG FKHFN
DOO WKH RSHUDWLRQV %\ VWRULQJ WKH VWDUW DQG VWRS WLPHV IRU HDFK
RSHUDWLRQ LW ZLOO EH SRVVLEOH WR JHQHUDWH JDQWW FKDUWV EDVHG
RQ SDWLHQW ÀRZ RU UHVRXUFH ZRUN ,W LV DOVR LPSRUWDQW WR EH
DEOH WR ³SOD\EDFN´ WKH FKDQJHV RYHU WLPH LQ WKH VDPH IRUPDW
XVHG GXULQJ WKH GRLQJ SKDVH
6LQFH WKH VDPH IRUPDW DUH XVHG LQ DOO SKDVHV LW LV HDVLHU IRU
WKH ZRUNLQJ SHUVRQDO WR XQGHUVWDQG DQG LPSURYH WKHLU ZRUN E\
XSGDWLQJ WKH PRGHO DQG WKHLU ZRUNLQJ URXWLQHV 7KLV KDV QRW
EH WHVWHG GXULQJ WKH VWXG\ VLQFH LW UHTXLUHV D ZHOO GHYHORSHG
XVHU LQWHUIDFH DQG LQWHUFRQQHFWHG WRRO ZLWK RWKHU LQIRUPDWLRQ
V\VWHPV %XW WKH VWXG\ VHHP WR FRQ¿UP WKDW LW ZLOO EH SRVVLEOH
WR XVH WKH PHWKRGV DQG WRROV SUHVHQWHG LQ WKLV SDSHU
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2QH LPSRUWDQW WRRO WR KDQGOH RYHUFURZGLQJ LQ HPHUJHQF\
GHSDUWPHQWV LV WR YLVXDOL]H WKH FXUUHQW V\VWHP VWDWH DQG WKH
IXWXUH SRVVLEOH RSHUDWLRQ EHKDYLRU 7KLV YLVXDOL]DWLRQ LV KLJKO\
FRPSOLFDWHG EHFDXVH WKH URXWLQJ EHKDYLRU LV DQ LQGLUHFW FRQ
VHTXHQFH RI WKH UHTXLUHPHQWV WR VWDUW H[HFXWLQJ DQ RSHUDWLRQ
ZKLFK LQYROYH IRU H[DPSOH WKH VWDWH RI D UHVRXUFH SDWLHQWV
RU DQRWKHU RSHUDWLRQ 7KHVH RSHUDWLRQ UHTXLUHPHQWV FDQ UHVXOW
LQ PDQ\ W\SHV RI URXWLQJ EHKDYLRU ZKLFK ZLOO EH DOPRVW
LPSRVVLEOH WR GHVFULEH LQ D JUDSKLFDO PRGHO
7KLV SDSHU SUHVHQWV D ÀH[LEOH PRGHOLQJ DQG RQOLQH H[HFX
WLRQ PRGHO WKDW RQO\ GH¿QHV RSHUDWLRQV DQG WKHLU H[HFXWLRQ
FRQVWUDLQWV 7KH RSHUDWLRQ VHTXHQFHV DQG URXWLQJ EHKDYLRU DUH
WKHQ DXWRPDWLFDOO\ YLVXDOL]HG IURP PXOWLSOH SHUVSHFWLYHV HJ
WKH RSHUDWLRQ VHTXHQFH UHODWHG WR D VSHFL¿F SDWLHQW RU WKH
RSHUDWLRQV DYDLODEOH IRU D GRFWRU
7KH QH[W LPSRUWDQW VWHS LV WR KDYH D JRRG XVHU LQWHUIDFH
DQG LQWXLWLYH WRROV 7KHUHIRUH WKLV UHVHDUFK ZLOO FRQWLQXH ZLWK
GHYHORSLQJ D WRRO FDOOHG 6HTXHQFH 3ODQQHU ZKLFK DOUHDG\ KDYH
LPSOHPHQWHG PRVW RI WKHVH PHWKRGV
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